Abstract Six novel cage-annulated crown ethers, 1-6, that contain 1,2-, 1,3-and 1,4-disubstituted benzene moieties have been prepared. The results of alkali metal picrate extraction experiments performed by using 1-6 as host systems generally are in accord with expectations based upon consideration of the familiar size-fit principle. None of these compounds area particularly avid alkali metal cation complexants; in addition, they display only moderate selectivity in their binding properties toward alkali metal cations. The ability of 1-6 to function as Ag(I) complexants has been assessed via silver picrate extraction experiments and by flame atomic absorption spectrophotometry (FAAS). Compound 4, and to a somewhat lesser extent compounds 6, 3, and 2, proved to be the most avid Ag(I) complexants among the six host systems studied.
Introduction
In recent years, our interests have turned toward the synthesis and chemistry of novel, cageannulated crown ethers that serve as host molecules for selective complexation and transport of cationic species. 1 Systems of this type have found application to environmental remediation through, e.g., selective separation of NaOH from radioactive tank wastes that employ synergistic pseudo hydroxide extraction techniques. 2 In addition, optically active cage-annulated crown ethers have been used as new agents for enantioselective recognition and transport of chiral ammonium salts. 3 
Results and Discussion
Syntheses of host molecules. The procedures employed to prepare hosts 1-4 are summarized in Scheme 1. In each case, base promoted, metal cation templated S N 2 displace-ments of OTs by phenolate anions were employed to prepare the coronands of interest. Thus, base promoted reactions of cage-annulated podands 8 8 and 9 9 with phenol-containing podands 7 10 A similar metal cation template approach was used to prepare host systems 5 and 6, as shown in Scheme 2. Here, the anions derived from cage-annulated podands 12 8 and 14 12 were used to displace halogen from 11 13 
Scheme 2
Results of picrate extraction experiments. The procedure used to perform liquid-liquid metal picrate extractions has been described previously. 12 The results obtained by using 1-6 as hosts for extractions of alkali metal picrates and Ag(I) picrate from aqueous solutions into CHCl 3 are summarized in Table 1 . Certain trends become evident upon inspection of the data contained in Table 1 . Host systems 1-4, which contain 1,2-or 1,4-disubstituted benzene moieties, are not particularly avid hosts toward alkali metal cations. In addition, with the exclusion of the guest "size extremes" (i.e., Li + and Cs + ), these four hosts display relatively little selectivity in their binding properties toward alkali metal cations. Those hosts that possess smaller cavities, i.e., 2 and 4, show a slight preference for binding to Na + and K + , respectively, while those with larger cavity sizes, i.e., 1 and 3, display a slight preference for binding to K + and Rb + , respectively. Similarly, 5 functions as a somewhat selective Na + complexant, while 6, which possesses larger cavity dimensions, binds preferentially to K + . These results generally are in accord with expectations based upon consideration of the familiar size-fit principle. 14 Interestingly, several of the host systems, particularly 2-5, proved to be relatively avid Ag + compexants. Most likely, this behavior results from a combination of factors that include cavity size and shape 14 and also the presence of electron-rich aromatic rings that can function effectively as π-donors. 4, 7 Results of FAAS experiments. The procedure that was employed to perform FAAS measurements is described in the Experimental Section (vide infra). 15 In Table 2 , the results thereby obtained are compared with the corresponding results obtained via silver picrate extraction experiments. In general, we observe good qualitative agreement between the results obtained by using these two different analytical methods. The most striking exceptions to this statement are noted when 5 and 6 were employed as Ag + complexants. Indeed, the results obtained from FAAS experiments suggest that the ability of 5 and 6 to serve as Ag + complexants should be similar to that shown by 1 and 2, respectively. By way of contrast, the picrate extraction results suggest that 5 is a somewhat more effective Ag + complexant than 1, whereas 2 is more effective than 6 in this regard. Summary and conclusions. Six new cage-annulated crown ethers, 1-6 have been prepared, and their ability to function as alkali metal cation complexants and as Ag + complexants has been assessed via application of two independent analytical methods. The results of alkali metal picrate extraction experiments with 1-6 as host systems appear generally to follow the size-fit principle. Among the six host systems included in this study, 4 proved to be the most effective Ag + complexant. The ability of 1-6 to function as Ag(I) complexants has been assessed via silver picrate extraction experiments and by flame atomic absorption spectrophotometry (FAAS). In general, we observe good qualitative agreement among the results obtained by using these two different analytical methods.
The data in Table 2 suggest that the ability of coronand 5 to function as an Ag + complexant is similar to that of host systems 1 and 2, both of which possess significantly larger cavity dimensions. This result suggests that the presence of Br as a soft Lewis base substituent may indeed contribute somewhat to overall stabilization of the resulting 5·Ag + complex.
Experimental Section
General Procedures. Melting points are uncorrected. High-resolution mass spectral data reported herein were obtained by Professor Jennifer S. Brodbelt at the Mass Spectrometry Facility at the Department of Chemistry and Biochemistry, University of Texas at Austin by using a ZAB-E double sector high resolution mass spectrometer (Micromass, Manchester, England) that was operated in chemical ionization mode. Elemental microanalyses were performed by personnel at M-H-W Laboratories, Pheonix, AZ.
Synthesis of a cage-annulated crown ether (1).
A suspension of 7 10 (658 mg, 1.74 mmol), 8 8 (1.12 g, 1.74 mmol), KI (664 mg, 4.0 mmol), and K 2 CO 3 (2.76 g, 20 mmol) in CH 3 CN (40 mL) was refluxed during 4 days. The reaction mixture was allowed to cool gradually to ambient temperature and then was filtered. The residue was washed with CH 3 CN (2 x 50 mL). The combined filtrates were concentrated in vacuo, and CH 2 Cl 2 (150 mL) was added to the residue. The resulting solution was washed sequentially with water (3 x 50 mL) and brine (3 x 50 mL), dried (MgSO 4 ) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column chromatography on silica gel by eluting with 50% EtOAc-hexane. Pure 1 (604 mg, 52%) was thereby obtained as a colorless viscous oil; IR 
Synthesis of a cage-annulated crown ether (2).
A suspension of 7 10 (493 mg, 1.3 mmol), 9 9 (726 mg, 1.3 mmol), and K 2 CO 3 (3.64 g, 37.3 mmol) in CH 3 CN (80 mL) was refluxed during 4 days. The reaction mixture was allowed to cool gradually to ambient temperature and then was filtered. The residue was washed with CH 3 CN (2 x 50 mL). The combined filtrates were concentrated in vacuo, and CH 2 Cl 2 (150 mL) was added to the residue. The resulting solution was washed sequentially with water (3 x 50 mL) and brine (3 x 50 mL), dried (MgSO 4 ) and filtered, and the filtrate was concentrated in vacuo. 
Synthesis of a cage-annulated crown ether (4).
A suspension of 9 9 (556 mg, 1.0 mmol), 10 11 (334 mg, 1.0 mmol), and K 2 CO 3 (2.72 g, 20.0 mmol) in CH 3 CN (50.0 mL) was refluxed during 4 days. The reaction mixture was allowed to cool gradually to ambient temperature and then was filtered. The residue was washed with CH 3 CN (2 x 50 mL). The combined filtrates were concentrated in vacuo, and CH 2 Cl 2 (150 mL) was added to the residue. The resulting solution was washed sequentially with water (3 x 50 mL) and brine (3 x 50 mL), dried (MgSO 4 ) and filtered, and the filtrate was concentrated in vacuo. (5) . To a solution of 12 8 (336 mg, 1.0 mmol) in dry THF (100 mL) was added NaH (400 mg, 60% dispersion in mineral oil, 10 mmol), and the resulting solution was refluxed under N 2 during 3 h. The reaction mixture then was allowed to cool gradually to ambient temperature. To the reaction mixture was added dropwise with stirring a solution of 11 13 (343 mg, 1.0 mmol) in THF (20 mL) during 30 minutes, at which time the resulting mixture was refluxed during 12 h. The reaction mixture was allowed to cool gradually to ambient temperature and water (2.0 mL) was added dropwise with stirring to quench the reaction. After the mixture had become clear, an additional quantity of water (30 mL) was added. The resulting mixture was extracted with EtOAc (4 x 50 mL). The combined extracts were washed sequentially with water (2 x 30 mL) and brine (3 x 30 mL), dried (Na 2 SO 4 ) and filtered, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography on silica gel by eluting with 30% EtOAc-hexane. Synthesis of podand (13) . To a solution of 2-(2-chloroethoxy)ethanol (630 mg, 5.0 mmol) in dry THF (100 mL) was added NaH (1.20 g, 60% dispersion in mineral oil, 30 mmol), and the resulting solution was refluxed under N 2 during 3 h. The reaction mixture then was allowed to cool gradually to ambient temperature. To the reaction mixture was added dropwise with stirring a solution of 11 13 (1.72 g, 5.0 mmol) in THF (20 mL) during 30 minutes, and the resulting mixture was refluxed during 3 days. The reaction mixture was allowed to cool gradually to ambient temperature and saturated aqueous NH 4 Cl solution (40 mL) was added dropwise with stirring to quench the reaction. The resulting mixture was allowed to stand 10 minutes. Two layers were separated; the water layer (bottom layer) was washed with EtOAc (2 x 50 mL). The organic layer (upper layer) solvent was dried (MgSO 4 ) and filtered. The solvent was concentrated in vacuo, and the residue was dissolved in EtOAc (100 mL). The combined extracts were washed sequentially with water (2 x 100 mL) and brine (2 x 100 mL), dried (Na 2 SO 4 ) and filtered, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography on silica gel by eluting with 40% EtOAc-hexane. FAAS experiments. The general procedures employed herein are similar to those reported previously. 15 Thus, solutions of Ag 2 O (125 mM) in 5% aqueous HNO 3 were prepared. No pH adjustment was required. A 5.0 mM solution of Ag(I) picrate in 5% aqueous HNO 3 was prepared by placing picric acid (28.6 mg, 0.125 mmol), 5% aqueous HNO 3 (5 mL), and a 1 mL aliquot of a 125 mM solution of Ag 2 O in 5% aqueous HNO 3 into a 25 mL volumetric flask. The resulting mixture was shaken to effect complete dissolution, at which time the resulting solution was diluted to volume (25.00 mL) via addition of 5% aqueous HNO 3 . Chloroform was washed with water to remove EtOH and then was used to prepare 5 mM solutions of each of the hosts to be tested. Aliquots (0.5 mL) of the CHCl 3 solution that contained host compound and the aqueous solution (0.5 mL) that contained the Ag(I) picrate were introduced into a screw-topped vial and then were shaken mechanically at ambient temperature during 30 minutes. The resulting mixture was allowed to stand at least 2 hours at ambient temperature in order to effect complete phase separation. A 50 µL aliquot was transferred from the aqueous phase of each vial into a 25 mL volumetric flask and was diluted to volume by addition of 5% aqueous HNO 3 . Atomic absorption measurements of Ag(I) ion concentrations (ppm) were performed by using a Model 200A Buck Scientific Atomic Absorption Spectrophotometer equipped with a hollow-cathode Ag lamp. Initially, the instrument was calibrated with 5.0 ppm Cu(II) solution by using a Cu lamp. Then, standard Ag(I) solutions (0.25 ppm, 0.50 ppm, 0.75 ppm, 1.00 ppm, 1.25 ppm, and 1.50 ppm, respectively) were used to complete instrument calibration. Experimental measurements were made in terms of transmittance (T); here, T = I/I o, where I is the light intensity after it passes through the sample and I 0 is the initial light intensity.
